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Abstract
Two highly human pathogenic coronaviruses outbreak in the beginning of 21st century i.e. Severe Acute 
Respiratory Syndrome Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) in 2002 and 2012 respectively caused high pathogenicity and fatality rates in human 
populations. Recently, a new coronavirus named as SARS-CoV-2 or nCoV-2019 was first reported 
in Wuhan, China in December 2019 which is responsible for an acute human respiratory illness 
referred as Coronavirus Disease (COVID-19), an ongoing pandemic. SARS-CoV-2 is the third known 
highly pathogenic virus affecting human population. This virus spread globally within few weeks of 
first identification and nearly 5.52 million confirmed cases with more than 3,47,000 deaths reported 
as of May 25, 2020. Till date, there are no specific anti-viral drugs, therapies or vaccines to contain 
and prevent this infectious pathogen outbreak. The global spread of this virus to over 210 countries 
resulted in both human and economic losses, highlighting the need for an immediate imperative 
research exploration on prophylactic and therapeutic measures. Current knowledge and understanding 
of the pathogenesis of similar coronavirus SARS-CoV and MERS-CoV might be helpful for the rapid 
development of treatment strategies to prevent the further spread of this virus. In this review, we 
recapitulate the topical understanding on the structure, pathogenesis and epidemiology of SARS-CoV-2 
that has emerged as a major health concern worldwide.
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INTROduCTION
 The epidemic outbreak of Chikungunya, 
Zika, Ebola, Nipah, SARS, MERS in 21st century 
threatens the global health security by causing 
devastating pathogenic infections with high fatality 
in human population1,2. The recent emergence of 
2019 novel coronavirus, SARS-CoV-2 is responsible 
for severe respiratory illness termed as Coronavirus 
Disease (COVID-19). The virus was first reported 
to be originated in Wuhan, Hebei Province, China, 
that rapidly spread globaly with cases reported 
in 6 continents claiming almost >3,47,000 lives 
since its emergence in December, 2019. World 
Health Organization (WHO) has announced the 
COVID-19 outbreak as Public Health Emergency of 
International Concern (PHEIC) on 30th January 
20203.
 Coronavirus is an enveloped, spherical 
virus which belongs to the order Nidovirales, family 
Coronaviridae and subfamily Coronavirinae4. 
It contains non-segmented positive sense 
single stranded RNA measuring about 120nm 
in diameter. The nucleocapsid that is formed 
with association of nucleoprotein and RNA 
genome is arranged in helical symmetry. The 
coronaviruses have the largest RNA genome 
with a size of 27-32kb5 flanked with 5’ cap and 3’ 
polyadenylated tail. Coronaviruses are zoonotic in 
nature infecting wide variety of vertebrates. The 
subfamily Coronavirinae is further classified into 
four genera: Alphacoronavirus, Betacoronavirus, 
Gammacoronavirus, and Deltacoronavirus. Among 
the four genera, two genera Gammacoronaviruses, 
Deltacoronaviruses have been found to infect 
livestock, birds, bats, whales, mice and other 
wild animals, while the other two genera 
Alphacoronaviruses and Betacoronaviruses can 
infect mammals6.
 In addition to SARS-CoV, MERS-CoV and 
SARS-CoV-2, there are four other coronaviruses 
(OC43, 229E, NL63 and HKU1) known to infect 
humans. The coronaviruses majorly cause 
respiratory disorders with a variable degree of 
severity ranging from mild to severe respiratory 
syndrome across all age groups7. The pathogenesis 
of this virus is still not yet elucidated completely; 
however, similar mechanisms may underlie in the 
pathogenesis of both SARS and SARS-CoV-2. In this 
review, the current knowledge on epidemiology 
and clinical features of COVID-19 are discussed.

Genome Organization
 The basic genome organization of 
coronavirus comprises of four structural proteins 
viz., spike glycoprotein (S), nucleoprotein (N), 
envelope protein (E) and membrane protein 
(M). Few coronaviruses from other groups also 
encode for another protein called haemagglutinin 
esterase (HE) that aids in viral entry playing a 
crucial role during the infection in natural host8. 
S proteins have a size of ~150kDa and are heavily 
glycosylated9. They are present on the outer 
surface and generally form homotrimers giving 
the crown or halo like morphology to the virus; 
hence the name Coronavirus10. These proteins 
interact with the M proteins by binding to the 
membrane of virion at the C-terminal in the 
transmembrane domain11. The N-terminal region 
of S protein helps in the attachment of virion to 
the surface specific receptors of host cell plasma 
membrane12. The host cell proteases cleave the 
spike protein into 2 polypeptides such as S1 and 
S2, where S1 acts as the large receptor binding 
domain and S2 as the spike stalk13. M protein has 
three transmembrane regions and undergoes 
glycosylation in golgi apparatus which attributes 
for the antigenicity of its protein14. Apart from its 
key role of regenerating the virions in the host 
cell, it also induces the propagation of active 
virions in Endoplasmic reticulum-Golgi apparatus 
intermediate compartment (ERGIC) and N protein-
genomic RNA complex15.
 E proteins are tiny integral proteins 
consisting of 76-109 amino acids. They are 
responsible for virus assembly, morphogenesis 
and budding in the host cell. E proteins also 
play a crucial part in the viral release where the 
release can be inhibited completely or partially 
in their absence16. They exhibit ion channel 
activity essential for optimal virus replication.17 N 
protein has a structural role and is vital for viral 
RNA encapsidation. It also acts as an interferon 
antagonist, upregulates a kind of prothrombinase 
that causes fatal hepatic disease18. The length of 
N protein may vary in different coronaviruses, but 
some of N-protein motifs are conserved with a 
three-domain organization19.  
 The recent studies on full length genomic 
sequencing and phylogenetic analysis revealed 
that SARS-CoV-2 belongs to Betacoronavirus 
sharing the same sub-genus as that of SARS-
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CoV responsible for SARS outbreak in the year 
2002-20037. SARS-CoV-2 was reported to use 
angiotensin-converting enzyme 2 (ACE2) surface 
receptor on the host cell for its entry, revealing 
the structural similarity with SARS-CoV receptor 
binding domain20. The genomic RNA undergoes 
translation to express the coronavirus replicase-
transcriptase protein genes. The open reading 
frame (ORF) 1a and ORF 1b encodes the replicase-
transcriptase proteins, for synthesis of two 
large polyproteins namely, pp1a and pp1ab. 
During the translation of ORF1a, a programmed 
ribosomal frame shift occurs in the synthesis of 
pp1ab polyprotein7,21. The viral proteases such as 
chymotrypsin‐like or papain‐like proteases further 
process these polypeptides to 16 non-structural 
proteins22. The S protein aids in the attachment of 
the virus to host receptors via., endocytosis for cell 
entry13. The fusion of virus with host endosomal 
membrane occurs and the ssRNA is then released 
into the cytoplasm23. Viral factories start the 
replication after proteolytic cleavages synthesizing 
the copies of genomic RNA. The structural proteins 
are expressed as sub-genomic RNA using the 
replication transcription complex by discontinuous 
transcription24. Assembly or budding of the virus 
occurs in ERGIC and the new virions are released 
by exocytosis23.
Epidemiology
 The recently evolved SARS-CoV-2 was 
first reported in Wuhan, Hebei province, China 
in December, 2019. Later in January 2020, cases 
have been reported outside Wuhan city indicating 
human to human transmission25. The number of 
infected cases rapidly increased in China and other 
countries, with the first case outside China being 
reported in Thailand who was a female tourist from 
Wuhan26. Similar like SARS-CoV-2, SARS-CoV was 
originated in China in November 2002, spreading 
rapidly in the Asian countries with a total number 
of cases nearing 8500 and 1000 deaths globally as 
of June, 200327. Middle East respiratory syndrome 
(MERS) epidemics began during 2012, with almost 
more than 2200 confirmed cases reported from 27 
countries all over the world with the Middle East 
being the epicentre until 201828.
 The local outbreak in Wuhan at the 
seafood wholesale wet market marked the 
beginning of phase I COVID-19, confirming 41 
cases by mid of January, 2020. Since then, the 

phase II began reporting the rapid expansion and 
spread of COVID-19 in the hospitals along with 
close contact transmission with nearly 900 cases 
showing almost 20-fold increase in the third week 
of January, 2020. Clusters of confirmed COVID-19 
with > than 9500 cases were reported in the last 
week of January, 2020, moving to the third phase 
where the outbreak was stated as PHEIC by WHO26. 
Globally, there are about 5.52 million affected 
cases and 3,47,000 deaths reported as of May 
25, 2020. More number of infected cases were 
reported in USA, European countries including 
Spain, Italy, the Great Britain, Germany, and France 
with >1,50,000 cases and high fatality rate. Several 
states in USA are hit badly with >10,50,000 cases 
and nearly 57,400 deaths indicating community 
transmission. The epicenter China reported a total 
number of about 84300 cases, with the recent 
ones identified as imported cases after revoking 
its lockdown measures in early April, 202029.
Symptoms and Transmission
 The incubation period of virus ranges 
from 2-14 days and the symptoms may occur 
within 2 weeks after exposure. Reported illnesses 
and confirmed cases have shown the symptoms 
of fever, cough, myalgia or fatigue and shortness 
of breath. However respiratory failure, septic 
shock and multi-organ failure are also reported. 
Severe illness cases showed dyspnea, hypoxemia 
and infiltrates of viruses in pulmonary region of 
infected person30,31.
 Bats are considered as prime host and 
reservoir for coronaviruses. Although the source 
of the SARS-CoV-2 is still in a debate, bats are 
believed to be the virus reservoir. Primary cases 
of COVID-19 were reported from the individuals 
linked with Huanan seafood market, China. The 
main route of transmission for all three human 
pathogenic coronaviruses SARS, MERS and 
COVID-19 are confirmed to be spread mainly from 
human to human and reported to occur via., the 
respiratory droplets generated from an infected 
person’s cough or sneeze. The droplets produced 
from an infected person can directly contact the 
surrounding or nearby population causing the 
transmission of infection. Nosocomial transmission 
linked with infected patients to healthcare workers 
in hospitals should be analysed to identify the 
modes of virus spread32. It is still unclear and 
many more features of the COVID-19 needs to 
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be unravelled for the complete understanding of 
its virus transmission cycles, and spread of the 
disease33. 
Prevention and Treatment
 Currently there are no vaccines or 
antiviral therapies to prevent the coronaviruses 
including COVID-19. The best way to prevent 
the virus infection right now is to stay away 
from the infected people and follow simple 
personal hygienic precautions i.e., washing hands 
frequently with sanitizers, avoiding the touch of 
sensory organs with unwashed hands, wearing 
a respiratory mask and personal protective 
equipment are few precautionary measures 
suggested by WHO, that can aid in controlling the 
spread of the disease. The coronavirus infections 

can be controlled by identifying the source of 
infection, preliminary diagnosis, keeping infected 
people isolated with supportive treatment and 
care for vital organ functioning33. Quarantine 
and other public health measures can also be 
implemented to control the movement of people 
during an epidemic outbreak. After the epidemics 
of highly pathogenic SARS-CoV and MERS-CoV, 
several antiviral agents against coronaviruses 
have been developed and are in clinical trials. The 
current research has been focused on identifying 
an effective anti-viral drug or antibody molecule 
targeting the conserved region of the virus spike 
protein as it plays an important role in virus entry, 
and their potential in eliciting the host immune 
responses in infected individuals. The potential 

Table 1. Status of few candidate vaccines for COVID-19 under Development (Modified from WHO, 202035)

 Vaccines in Phase I Clinical Trials

Development Platform Type of Vaccine Candidate Developer
Non-Replicating Viral Vector Adenovirus Type 5 Vector (Ad5-nCoV) CanSino Biological Inc. and Beijing 
  Institute of Biotechnology
RNA LNP encapsulated mRNA (mRNA-1273) Moderna/NIAID

 Vaccines in Preclinical Studies  
DNA  DNA plasmid vaccine Electroporation Inovio Pharmaceuticals
 device (INO-4800)
Inactivated  Formaldehyde inactivated + alum Sinovac
Live Attenuated Virus  Codon Deoptimized live attenuated vaccines Codagenix/Serum Institute of India
Non-Replicating Viral Vector MVA encoded VLP  GeoVax/BravoVax
 Ad26 (alone or with MVA boost)  Janssen Pharmaceutical Companies
 ChAdOx1  University of Oxford
 Adenovirus based NasoVAX expressing 
 SARS2-CoV spike protein  Altimmune
 Ad5 S (GREVAX™ platform)  Greffex
 Oral Vaccine platform  Vaxart
Protein Subunit  COVID-19 S-Trimer  Clover Biopharmaceuticals Inc./GSK
 li-Key peptide  Generex/EpiVax
 S protein EpiVax/Univ. of Georgia 
 S protein (Baculovirus production) Sanofi Pasteur
 Full length S trimers/ nanoparticle + Matrix M (NVX-CoV2373) Novavax
 gp-96 backbone  Heat Biologics/Univ. of Miami
 Molecular clamp stabilized Spike protein University of Queensland/GSK
 S1 or RBD protein Baylor College of Medicine
Replicating Viral Vector Measles Vector  Institute Pasteur/Themis/Univ.
  of Pittsburg Center for Vaccine 
  Research
 Horsepox vector expressing  
 S-protein Tonix Pharma/Southern Research
RNA  mRNA Arcturus/Duke-NUS
 saRNA Imperial College London
 mRNA Curevac
VLP  Plant-derived VLP Medicago Inc.
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treatment includes the therapies with plasma and 
antibodies obtained from recuperating patients7,34. 
Further, multiple platforms like DNA and RNA 
based, recombinant, subunit vaccines could be 
used for effective vaccine development. The list 
of different manufacturing platforms and vaccines 
currently under development for COVID-19 are 
listed in Table 1.
Perspectives and Conclusion
 Although many viruses are present in 
their natural host for long time, sometimes due 
to spill-over event, the virus cross species barrier 
from animals to humans which can make it more 
pathogenic and cause devastating outbreak in 
human population. The outbreak of COVID-19 
is the third warning after the outbreaks of SARS 
and MERS, which depicts the unpreparedness 
of human community even after more than a 
decade of coronavirus research. With no vaccine 
or approved prophylactics to prevent SARS-CoV-2 
infection, the virus has spread rapidly to more 
than 100 countries with high mortality rates and 
almost all the affected countries are struggling to 
prevent the virus spread emphasizing its role as 
serious ongoing human health threat. An effective 
treatment and preventive measures are urgently 
required. The detailed action plan along with 
effective diagnostic and preventive measures could 
potentially contain the virus spread and eventually 
reduce the human losses. Although research groups 
in several countries are working continuously to 
develop novel therapeutic strategies, repurposing 
drugs can also be option to consider for treating 
COVID-19. In addition, development of vaccines 
for SARS-CoV-2 is highly needed to prevent its 
outbreak in future. Furthermore, little is known 
about the pathogenesis and transmission cycles 
of SARS-CoV-2, hence future work should focus 
on the elucidation of virus transmission dynamics, 
and pathophysiology. Development of effective 
affordable treatment strategies for human 
coronaviruses could warrant the prevention and 
control of another emerging human coronavirus 
similar like SARS-CoV-2 in the future.
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